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,QWURGXFWLRQ
7KH 0HWURSROLWDQ $UHD RI 5HJJLR &DODEULD LV FKDUDFWHUL]HG E\ D FRPSOH[ WHUULWRULDO V\VWHP WKDW LQFOXGHV
H[WUHPHO\ GLIIHUHQW SRUWLRQV RI WKH WHUULWRU\ 7KH UHODWLRQDO V\VWHP DLPV WR FRQQHFW HQYLURQPHQWV DQG VLWXDWLRQV
ZKLFKDUHGLIIHUHQWIRUPRUSKRORJLFDOFRQILJXUDWLRQVDQGVHWWOHPHQWFKDUDFWHULVWLFVDQGZLWKZKLFKWKH&LW\KDVWLHV
WRDJUHDWHURUOHVVHUGHJUHHRILQWHQVLW\
7KHFRPSOH[RURJUDSKLFVFKHPHRIWKHDUHDWKHH[WUHPHFORVHQHVVEHWZHHQWKHPRXQWDLQUDQJHVDQGWKHVHDWKH
VOHQGHUFRDVWDOSODLQVDQGWKHYLROHQWFKDUDFWHURIWKHWRUUHQWVWKDWIORZWKURXJKNQRZQORFDOO\DVILXPDUH%RPELQR
et. al.,KDYHUHVXOWHGLQWKHODFNRIUHDOXUEDQL]DEOHVSDFHV%RPELQRD7KXVWKHVHWWOHPHQWSURFHVVKDV
EHHQ GLVRUGHUHG RIWHQ SHUFKHG RQ UXJJHG VORSHV DQG KDV UHTXLUHG DQ DUGXRXV VHDUFK IRU FRUUHFWLYH HOHPHQWV
HQJLQHHULQJZRUNVRQWKHKLOOVDQGPRXQWDLQVFKDQQHOL]DWLRQLQYDOOH\UHDFKHVHWFDLPHGWRGHIHQGWKHXUEDQL]HG
DUHDVIURPK\GUDXOLFDQGK\GURJHRORJLFDOHYHQWVZKLFKRIWHQKDYHSDUR[\VPLFFKDUDFWHULVWLFV
7KHUHIRUH WKH WHUP 0HWURSROLWDQ &LW\ LQ WKH FDVH RI 5HJJLR &DODEULD GHPDQGV WKH XQGHUVWDQGLQJ RI
KHWHURJHQHRXVVLWXDWLRQVLPSO\LQJGLIIHUHQWPHWKRGVIRUWKHWHUULWRULDOPDQDJHPHQWDQGYDULDEOHJHRPHWU\VWUXFWXUHV
0RUDFL
,Q WKHSDVW WKHQHHG WRKLQGHU WKHFDWDVWURSKLFHYHQWV WKDWKDYHDIIHFWHG WKH WHUULWRU\RI WKH0HWURSROLWDQ$UHD
ZLWK H[FHSWLRQDO IUHTXHQF\ KDV GHPDQGHG WKH FUHDWLRQ RI LQWHQVLYHZRUNV ERWK RQ WKHPRXQWDLQ UHDFK WKURXJK
UHIRUHVWDWLRQ6DQHVLet al.,DQGFRQVWUXFWLRQRIFKHFNGDPVDQGLQWKHWHUPLQDOUHDFKZKHUHHPEDQNPHQWDQG
FKDQQHOL]DWLRQKDYHEHHQPDGH
6XFK WHUULWRULDO LQIUDVWUXFWXUH KDV LQ IDFW DOORZHG WKH XUEDQ GHYHORSPHQW DORQJ WKH FRDVW HVSHFLDOO\ LQ DUHDV
UHFODLPHGIURPZDWHUFRXUVHV
7KHK\GUDXOLFVDIHW\DFKLHYHG LQ WKLVZD\KDVKRZHYHUDOWHUHG LIQRWFDQFHOOHG WKH ULSDULDQKDELWDWVZLWKD
VHYHUHDQGRIWHQ LUUHYHUVLEOHGHWULPHQW WR WKHHFRORJLFDOTXDOLW\RI WKH ULYHUDQG ODQGVFDSH 0RGLFDet al.,
0DU]LOLDQRet al.,6RPHH[SHULHQFHVKDYHVKRZQWKDWLWLVSRVVLEOHWRHQVXUHKLJKOHYHOVRIK\GUDXOLFVDIHW\E\
³GLVPDQWOLQJ´WKHFRQWUROZRUNVDQGE\JLYLQJWKHDQFLHQWIORRGSODLQVEDFNWRWKHZDWHUFRXUVHZLWKSRVVLEOHHIIHFWV
LQWHUPVRIHFRORJLFDODQGODQGVFDSHUHVWRUDWLRQ
,QPDQ\RWKHUFDVHVKRZHYHULWLVQRWFRQFHLYDEOHWRFKDQJHWKHH[LVWLQJK\GUDXOLFVWUXFWXUHVRIULYHUVLQDXUEDQ
HQYLURQPHQW WKXV WKH K\GURJHRORJLFDO VDIHW\ RI WKH PHWURSROLWDQ DUHD FDQ RQO\ EH DFKLHYHG E\ HQVXULQJ WKH
K\GUDXOLFHIILFLHQF\RIH[LVWLQJZRUNVZKRVHSHUIRUPDQFHSULPDULO\GHSHQGVRQWKHIXQFWLRQDOLW\DQGJRRGVWDWHRI
SUHVHUYDWLRQRIWKHRQHVRQWKHKLOOVDQGPRXQWDLQVZKLFKKDYHWKHIXQFWLRQRIUHGXFLQJWKHHQHUJ\RIIORRGVDQGRI
OLPLWLQJWKHPRYHPHQWRIGHEULVIORZ
:KLOHRQ WKHRQHKDQG WKHHQJLQHHULQJFRQWUROZRUNVKDYHKHOSHG WRUHGXFH WKHK\GUDXOLFDQGK\GURJHRORJLFDO
ULVNRQWKHYDOOH\UHDFKHVRQWKHRWKHUWKH\KDYHFDXVHGLQPDQ\FDVHVDQDOWHUDWLRQRIWKHEDODQFHWKDWUHJXODWHV
FRDVWDOG\QDPLFV
,WLVWKHUHIRUHQHFHVVDU\WRDGRSWDQDSSURDFKWRWKHZDWHUVKHGVFDOHLQRUGHUWRFRPELQHWKHRIWHQRSSRVLQJQHHGV
WRLPPRELOL]HRIVHGLPHQWVLQPRXQWDLQRXVUHDFKHVDQGDWWKHVDPHWLPHWRIDFLOLWDWHWKHWUDQVLWRIDSRUWLRQRIWKHP
IRUWKHFRDVWDOUHSOHQLVKPHQW7KLVUHTXLUHVWKHSUHOLPLQDU\PRQLWRULQJRIDPRXQWFRQGLWLRQDQGHIIHFWLYHQHVVRQWKH
K\GURJUDSKLF QHWZRUN RI K\GUDXOLFZRUNV 6XFK NQRZOHGJH LV DOVR HVVHQWLDO LQ RUGHU WR YHULI\ WKH HQYLURQPHQWDO
LPSDFWRIWKHZRUNVWRLPSURYHWKHGHVLJQFULWHULDDQGWRLGHQWLI\SRVVLEOHFRQYHUVLRQZRUNVRIH[LVWLQJRQHVVRDV
WRRSWLPL]HWKHLULQWHJUDWLRQLQWRWKHORFDOFRQWH[W
7KHDYDLODELOLW\RIDFRPSXWHUL]HGDUFKLYH LPSOHPHQWHG LQD*,6DQGFDSDEOHRI LQWHUIDFLQJZLWK WKH7HUULWRU\
,QIRUPDWLRQ6\VWHPVXVHGE\WKH0HWURSROLWDQ&LW\LQVWLWXWLRQVFRXOGKHOSWRVXSSRUWWKHVHPRQLWRULQJDFWLYLWLHVDV
ZHOODV WR VWUHQJWKHQ WKH V\QHUJLHVZLWK WKHRWKHU7HUULWRULDO2UJDQL]DWLRQV LQFKDUJHRISODQQLQJXUEDQDUHDVDQG
ZDWHUVKHGVDQGRISUHYHQWLQJDQGPLWLJDWLQJWKHK\GURJHRORJLFDOULVN
$V SDUW RI WKLV ZRUN ZLWK UHIHUHQFH WR D FDVH VWXG\ D 7HUULWRULDO ,QIRUPDWLRQ 6\VWHP 7,6FDOOHG
$5&+,0('(%RPELQRet al.,EZDVLPSOHPHQWHG7KHFDWFKPHQWFKRVHQDVSDUWRIWKH6WUDLW*$&
&RDVWDO$FWLRQ*URXS LV UHSUHVHQWDWLYHRI WKH FOLPDWLF HQYLURQPHQWDO DQGJHRPRUSKRORJLFDO FRQGLWLRQV RI WKH
0HWURSROLWDQ$UHD
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6WXG\DUHD
7KHVWXGLHVZHUH LPSOHPHQWHG LQ WKH6IDODVVjFDWFKPHQW )LJXUHZKLFKFRYHUVDSSUR[LPDWHO\NPLQ WKH
PXQLFLSDOLWLHVRI%DJQDUD6FLOODDQG6DQW
(XIHPLDG
$VSURPRQWHERUGHULQJWKH3HWUDFHDQGWKH0DQFXVLWRUUHQWV
7KHFDWFKPHQWFRYHUVWKHZHVWHUQVLGHRI$VSURPRQWHZKHUHWKHGLVFKDUJHIORZVIRUPXFKRILWVURXWHWKURXJK
QDUURZDQGGHHSYDOOH\VWRILQDOO\IORZLQWRWKH6WUDLWRI0HVVLQD7KHPRXQWDLQUHDFKHVDUHFKDUDFWHUL]HGE\VWHHS
VORSHV DQG UHOHYDQW SKHQRPHQD RI VHGLPHQW WUDQVSRUW LQ YDOOH\ UHDFKHV LQVWHDG SKHQRPHQD RI VHGLPHQW GHSRVLW
SUHYDLODQGFRQWULEXWHWRIRUPYHU\ODUJHFURVVVHFWLRQVDQGWRUHGXFHWKHORQJLWXGLQDOVORSHRIWKHULYHUEHG9LSDUHOOL
	0DLRQH=HPDet al.,7KHPDLQVWUHDPRULJLQDWHVDWDQDOWLWXGHRIPDQGKDVDQDYHUDJHDOWLWXGH
RIPDVORIWKHWHUULWRU\LVORFDWHGDWDOWLWXGHVRIOHVVWKDQPEHWZHHQDQGPDVODQG
 SUHGRPLQDQWO\ ZRRGHG LV ORFDWHG DERYH  P:LWKLQ WKH YDOOH\ UHDFKHV VFOHURSK\OORXV YHJHWDWLRQKDYH
FRYHUHGDSRUWLRQRIWKHFKDQQHOEHGQRWIORRGHGIRUPDQ\\HDUVDQGLQVRPHUHDFKHVWKHHQWLUHFKDQQHO
7KHK\SVRJUDSKLFFXUYHLVW\SLFDORIDIDLUO\\RXQJZDWHUVKHGZLWKFRQVLGHUDEOHVXUIDFHVWREHHURGHGDORQJDOO
WKHDOWLWXGHUDQJHV
$OWKRXJKRIPRGHVW H[WHQVLRQ WKHFDWFKPHQW LQTXHVWLRQ LV FKDUDFWHUL]HGE\D VLJQLILFDQW VSDWLDOYDULDELOLW\RI
SUHFLSLWDWLRQVDQGWHPSHUDWXUHVGXHWRLWVREORQJVKDSHDQGWKHKLJKHOHYDWLRQRIWKHKLOOV
)URPDFOLPDWLFSRLQWRIYLHZWKHDUHDKDVD0HGLWHUUDQHDQFOLPDWHZLWKKRWDQGGU\VXPPHUVDQGPLOGDQGUDLQ\
ZLQWHUV7KHDYHUDJHDQQXDOUDLQIDOOUHFRUGHGDWWKH6LQRSROLVWDWLRQPDVOLQWKHSHULRGLVDERXW
PPZKLOHDWWKH%DJQDUDVWDWLRQPDVOQHDUWKHPRXWKRIWKHULYHUWKHDYHUDJHDQQXDOUDLQIDOOLVDERXW
PP

)LJ/RFDWLRQRI6IDODVVjFDWFKPHQW&DODEULD6DXWKHUQ,WDO\

0HWKRGRORJ\
$IWHUDSUHOLPLQDU\DQDO\VLVRIWKHDYDLODEOHFDUWRJUDSKLFGRFXPHQWDWLRQZHSURFHHGHGWR
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WKHVXEGLYLVLRQRIWKHK\GURJUDSKLFQHWZRUNLQHOHPHQWDU\UHDFKHVDQGWKHFRGLILFDWLRQRIHDFKUHDFK7DPEXULQR
et al.,
WKHLGHQWLILFDWLRQE\XVLQJSKRWRLQWHUSUHWDWLRQDQGILHOGLQVSHFWLRQVDQGWKHORFDWLRQRQWKHK\GURJUDSKLFQHWZRUN
RIWKHFRQWUROZRUNVZLWKLQHDFKUHDFK
WKHUHFRUGLQJDQGILOLQJRQVSHFLDOWHFKQLFDOVKHHWVRIERWKWKHPDLQIHDWXUHVRIK\GURJUDSKLFUHDFKHVVXFKDVWKH
DYHUDJH OHQJWK DQG VORSH PD[LPXP DQG PLQLPXP DOWLWXGH FURVVVHFWLRQDO VKDSH DQG RQJRLQJ
K\GURJHRPRUSKRORJLFSURFHVVHVHWFDQG WKH WUDQVYHUVHDQG ORQJLWXGLQDORIK\GUDXOLFZRUNVORFDWLRQ W\SHDQG
FRQVWUXFWLRQ PDWHULDO JHRPHWU\ IXQFWLRQDOLW\ FRQGLWLRQ HWF ,Q WKH FDVH RI FKHFN GDPV DOVR WKH K\GUDXOLF
IXQFWLRQDOLW\IRUGLVFKDUJHVZLWKUHWXUQWLPHVRIDQG\HDUVZDVHYDOXDWHG
7KHFROOHFWHGILHOGGDWDDQG WKHLU WRSRORJLFDO UHODWLRQVKLSVKDYHEHHQXVHG WRSRSXODWHDJHRJUDSKLFDOGDWDEDVH
*HR'%06DVVKRZQE\=DLOHUDQG$UFWXU	=HLOHU7KH7,6QDPHG$5&+,0('(WHUULWRULDO
FRPSXWHUL]HG DUFKLYH RI K\GUDXOLF ZRUNV ZKLFK LV VWUXFWXUHG KLHUDUFKLFDOO\ RQ FRPSOHPHQWDU\ OHYHOV EDVH
FDUWRJUDSK\VHFWRUDOVWXGLHVYDULRXVWKHPHVHWFKDVEHHQWKHQLQWHUIDFHGZLWKWKH*HR'%06WKXVDOORZLQJWKH
FUHDWLRQRIDFRPSXWHUL]HGUHJLVWU\RIDOOHQJLQHHULQJFRQWUROZRUNVLPSOHPHQWHGLQWKHEDVLQWKDWLVREMHFWRIVWXG\
5HVXOWV
7KH GLJLWL]HG WHUULWRULDO HQWLWLHV DQG WKHLU LQWHUUHODWLRQVKLSV VWUXFWXUHG LQ ILOHV DQG VWRUHG LQ D V\VWHP ZKLFK
JXDUDQWHHV WKHLU PDQDJHPHQW KDYH IRUPHG WKH *HRGDWDEDVH$5&+,0('( LI FRQQHFWHG ZLWK VXFK WKHPDWLF
PDSSLQJ DOORZV WR YLHZ RQH RU PRUH OHYHOV RI LQIRUPDWLRQ )LJXUH  DQG WR TXHVWLRQ WKH LQGLYLGXDO HOHPHQWV
FRQWDLQHG WKHUHLQ HJ UHDFK FKHFN GDP EDQN HWF WKDW DUH DVVRFLDWHG ZLWK WKH UHOHYDQW TXDOLTXDQWLWDWLYH
LQIRUPDWLRQ HJ LQ WKH FDVH RI D FKHFN GDP JHRJUDSKLFDO FRRUGLQDWHV FRQVWUXFWLRQDO DQG JHRPHWULF IHDWXUHV
K\GUDXOLFIXQFWLRQDOLW\VWDWHRIFRQVHUYDWLRQDQGPDLQWHQDQFHUHTXLUHPHQWVDFFHVVURDGVHWF
:LWKUHIHUHQFHWRWKHFDVHVWXG\WKHFRPSXWHUL]HGDUFKLYHKDVDOORZHGWRXSGDWHWKHGDWDRIWUDQVYHUVDOZRUNV
ORFDWHGLQWKHYDOOH\UHDFKLQWKHPLGGOHUHDFKDQGLQWKHPRXQWDLQUHDFKRIZKLFKFKHFNGDPVVLOOV
DQGNLORPHWUHVRIHPEDQNPHQWRQERWKVLGHVPDLQO\ORFDWHGDORQJWKHPDLQVWUHDPLQWKHYDOOH\UHDFK$OOWKH
VWXGLHGFKHFNGDPVDUHFRPSOHWHO\VLOWHGDQGVKRZZHOOGHYHORSHGVHGLPHQWDU\ZHGJHVWKH\EHKDYHDVDVHULHVRI
VHGLPHQW FROOHFWRUV WKDW LQ VXFFHVVLYH IORRGV UHILOOHG WKHXSVWUHDPVHFWLRQRI WKH ULYHU$ERXWRI WKHRYHUDOO
DQDO\]HGK\GUDXOLFSURMHFWVUHTXLUHVPDLQWHQDQFHVRPHRIZKLFKLVXUJHQWGXHWRGDPDJHIURPXVXU\FDYHLQVDQG
FUDFNV LQ WKH ERG\ RU LQ WKH IRXQGDWLRQV DQG WR DOWHUDWLRQV RI WKH VWDWLF DQG K\GUDXOLF IXQFWLRQDOLW\0RUHRYHU D
FRPSDULVRQRI WKHFRDVW OLQHSRVLWLRQ IURPPDSVRI EHIRUH WKHFKHFNGDP LQVWDOODWLRQDQGZDVPDGH
DORQJ WZR NLORPHWUHV FORVH WR WKH WRUUHQWPRXWK )LJXUD  7KH FRDVW OLQH UHWUDFWHG GXH WR WKH OHVVHUZDWHU DQG
VHGLPHQWVXSSO\IURPWKHXSVWUHDPVHFWLRQRIWKHULYHUEHFDXVHRIDPRUHVWDEOHDFWLYHFKDQQHOGXHWRSUHVHQFHRI
WKHFKHFNGDPV
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
)LJ6FUHHVKRWRI$5&+,0('(
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)LJ&RPSDULVRQRIWKHFRDVWOLQHVIURPPDSVRILQEDFNJURXQGDQGFORVHWRWKH6IDODVVjPRXWK

&RQFOXVLRQ

7KH FRPSXWHUL]HG DUFKLYH RI K\GUDXOLFZRUNV LV D XVHIXO WRRO IRU FRQVXOWDWLRQ DQG V\VWHPDWLF XSGDWLQJ RI WKH
GDWDEDVH RI ERWK WKH ZDWHUVKHG FKDUDFWHULVWLFV DQG WKH K\GUDXOLF ZRUNV LPSOHPHQWHG WKHUHLQ 7KLV LQIRUPDWLRQ
WRJHWKHU ZLWK SHULRGLF WHUULWRULDO VXUYH\V DOORZV WR DVVHVV WKH VWDWH RI K\GURJHRORJLFDO ULVN RI ZDWHUVKHG WKH
WHQGHQF\RIWKHZDWHUFRXUVHVWKHSRVVLEOHSUHVHQFHRIPDLQWHQDQFHQHHGVRIH[LVWLQJZRUNVDQGZKHUHQHFHVVDU\
WKH LPSOHPHQWDWLRQ RI VXSSOHPHQWDU\ ORZ HQYLURQPHQWDO LPSDFW K\GUDXOLF ZRUNV$5&+,0('( FRXOG EH D
XVHIXOWRROWRIDFLOLWDWHWKHSUHSDUDWLRQRIDFWLRQSODQVIRUWKHPLQLPL]DWLRQRIWKHK\GUDXOLFDQGK\GURJHRORJLFDOULVN
LQWKHPHWURSROLWDQFLW\
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